The aim of the present study was to search for indications supporting the theory of a shared aetiology of FTD and depression. This was done by studying the occurrence of depression in families with FTD in 3 different ways.
Materials and Methods

Family Members
The present study has been approved by the Local Ethics Committee at Lund University.
The index patients of the present study originate from a reevaluation of 253 patients with frontotemporal dysfunction, examined at the Department of Psychiatry and Psychogeriatrics in Lund 1967 Lund -1999 . At re-evaluation, 97 of these 253 patients fulfilled the criteria of FTD according to the clinical ICD-10 criteria of dementia in Pick's disease [21] and the Lund-Manchester criteria [1] . By 23 November 2000, 74 of the 97 patients had died. Forty-four of the 74 deceased patients were autopsied, and all of them were verified neuropathologically as FTD according to the Lund-Manchester criteria [1] . For a comprehensive description of the patients, see Gräsbeck et al. [22] . The 97 patients with FTD included 10 patients from 3 pedigrees. One patient from each of these pedigrees was chosen as the index patient. The remaining 7 patients were withdrawn from the original patient sample and included as relatives, leaving 90 patients as index cases.
A family history study was performed according to the instructions of Endicott et al. [23] . In this type of study, 1 informant of each index patient's family gives information about diseases of the index patient and his/her first-degree relatives. A genealogy expert collected the identity, date of birth, and eventual date of death of the first-degree relatives from official registers.
We contacted those informants who were well acquainted with the patient and the staff of the department. If such informants were deceased, could not be reached, or had limited knowledge of the family, another informant was contacted.
Informed consent was obtained from 74 of 90 possible informants. In 59 families, 1 informant was interviewed. In 15 families, 1 or 2 additional informants gave supplementary information.
In total, there were 638 first-degree relatives of the 74 participating families. Those relatives who died before the age of 15 years or had not reached that age at the date of the interview were excluded in the present study. This resulted in 614 family members, including 74 index patients and 540 first-degree relatives (302 men and 312 women). The median size of these 74 families was 8 individuals (range [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Their demographic characteristics are presented in table 1 .
For 16 of the 90 index cases, it was not possible to obtain informants. The reasons were: no living relative was found (3 cases), relatives did not answer to invitation letters repeatedly sent to them (4 cases), 9 informants did not wish to participate, and 1 family had emigrated. In all, there were 103 members in the dropout families. The median size of these 16 families, including all ages, was 7 individuals (range [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
Family History Interview
The interviews took place in the year 2001, except for 1 family whose informant was interviewed in 2003. The interviews were performed in accordance with the guidelines of the Family History Research Diagnostic Criteria (FH-RDC) [23, 24] . The senile organic brain syndrome criteria were supplemented with items from 3 diagnostic rating scales for recognition of Alzheimer's disease, FTD and vascular dementia [25] , and from a family history questionnaire of dementia [26] . The informants were interviewed mostly by telephone, by either the research nurse Karin Nilsson (K.N.) or the medical doctor Helena Sjöström (H.S.), both specialized in geriatric psychiatry.
Diagnostics
The evaluators of the interviews (K.N., H.S., or medical doctor Martin Sjöbeck) were not informed about the aim of the study. All available information, including data from interviews, medical records, death certificates and autopsy reports, was used in the evaluation. In case of difficulties, diagnosis was established through consensus discussion with other investigators.
The diagnosis of FTD was made according to the Lund-Manchester consensus [1] and the ICD-10 criteria of dementia in Pick's disease [21] .
The diagnosis of depression was evaluated according to the diagnostic guidelines of the FH-RDC [23] . In the present study, cases with bipolar disorder were included in the category depression.
Cases were coded in the following way: a positive diagnosis of the disorder in question (coded as 'yes') was made when the individuals met the diagnostic criteria completely. When there were indications of a disorder but not sufficient information to reach a diagnosis, cases were coded as 'probable'. If there was sufficient information to negate the diagnosis, the individual was coded as 'no' (healthy). The remaining individuals were coded as 'unknown'.
One limitation of the family history method is the expected large amount of false-negative cases; therefore, the probable cases Ages taken at death for deceased relatives and at interview for those still alive, and presented as medians with ranges in parentheses.
were included into the positive ones in all the calculations [27] . This resulted in 3 groups for each of the diseases; ill cases (yes/ probable), healthy cases (no), and cases with lack of information for a diagnosis (unknown).
Occurrence of Depression
In an earlier study, first-degree relatives of index patients with FTD were found to have a higher incidence of FTD compared to that of a general population, indicating a familial aggregation of FTD due to genetic and/or shared environmental factors. We now investigated if an increased incidence of depression could also be found among the relatives. A positive finding indicates shared familial factors. The comparison population was taken from the Lundby Study of mental health, a cohort study including all inhabitants in a geographically defined area in southern Sweden [28] . The participants were investigated in person by psychiatrists in 1947, 1957, 1972 , and finally in 1997; in particular, the diagnosis of depression was similar to that used in the FH-RDC.
A common determinant of FTD and depression could still be suspected even if the observed incidence of depression in the group of relatives was not higher than expected. This would be the case if depression and FTD tended to occur in the same families. We therefore compared the familial scores of depression in 2 groups of families; 1 group, where at least 1 of the index patient's parents had FTD, and another, with no indications of FTD in the parents. Higher scores of depression were expected in the group of families with at least 1 parent having FTD.
Finally, we studied whether individuals with FTD had suffered from depression to a greater extent than those who had not developed FTD.
Statistical Methods
The age-and sex-specific incidences of depression were calculated for the group of first-degree relatives of the 74 index patients with FTD. Of the 540 first-degree relatives, 90 were excluded because of lack of information for a diagnosis. Another 10 relatives diagnosed with depression were excluded since no information on age at onset of the disorder could be obtained. Hence, the analyses included 440 relatives (217 men and 223 women). The risk period started at the age of 15 years, and lasted until the date the person contracted a depression, died, or until the date of the interview, whichever occurred first. Comparisons were made with the incidence rates of depression in the Lundby Study, calculated on 1,312 men and 1,238 women for the period 1947-1972 [28] .
Based on the evaluation of FTD of the index patients' parents, all families were divided into 2 groups: 1 group of families where at least 1 parent had FTD and another group of families with no indications of FTD. No indication of FTD means that the parent was evaluated as either healthy with regard to FTD (no), or that information for a diagnosis of FTD was lacking (unknown).
Among all 614 family members, those 97 who were rated as unknown with regard to the diagnosis of depression were excluded, resulting in 517 family members. The group where FTD was present in the index patients' parents included 11 families with 78 individuals, and the other group included 63 families with 439 individuals.
The proportions of cases with depression in each of the groups of relatives were calculated.
However, when testing for a difference between the groups regarding depression it has to be acknowledged that members of the same family are not independent with regard to diagnosis. Hence, for each family, a score of depression was calculated as the proportion of ill cases. The difference was tested by means of the MannWhitney U test.
Finally, we studied if individuals with FTD had suffered from depression to a greater extent than relatives without FTD. Individuals that had died before the age of 40 years or had not reached that age at the interview date were excluded, as were those rated as unknown with regard to FTD and/or depression. This resulted in 443 persons with or without FTD that were studied with regard to earlier depression using cross-tabulation. The same procedure was repeated for those aged 50, 60, and 70 years, respectively. The dependence between the diseases was tested by means of the 2 test. Table 2 shows the diagnostic evaluation of FTD and depression in the 614 family members. There were 100 (88 yes/12 probable) cases diagnosed with FTD according to the clinical Lund-Manchester criteria. Sixty-one family members (39 yes/22 probable) had suffered from depression according to FH-RDC. Four of these cases had a bipolar disorder. Table 3 presents the age-and sex-specific incidence rates of depression in 440 first-degree relatives (217 men and 223 women) of the index patients with FTD. Twentythree men and 22 women had suffered from depression. There was no difference between the male and female age-specific incidence rates. Figure 1 shows that the incidence rates of depression in the male and female relatives of index patients with FTD were not higher compared to the corresponding rates of the Lundby study. There were differences with regard to gender and age at onset in the 2 studies. While the male and female relatives of FTD patients had similar rates of depression, women had higher rates than men in the Lundby study. In the relatives of FTD patients, there was a tendency towards an older age at onset that was most pronounced in men; in the Lundby study, most men and women developed their first episode of depression before the age of 50 years. There were 8 cases with depression (10% of the 78 family members) in the group of families where index patients' parents had FTD. Fifty-three cases had suffered from depression (11% of the 439 family members) in the group of families with index patients' parents with no indications of FTD. Figure 2 shows the distribution of the familial scores of depression in the 2 groups. There was no difference between the 2 groups with regard to familial scores of depression (p = 0.94). 
Results
Discussion
The hypothesis of shared aetiological factors in depression and FTD was based on similarities in clinical symptoms, psychological findings, brain imaging, and repeated findings that each of these diseases aggregates in families [29, 30] . We investigated the hypothesis by analysing the occurrence of depression in 74 families with FTD .
A common familial aetiology in FTD and depression would imply an increased incidence of depression among the first-degree relatives of FTD patients compared to that in the general population. However, no such increase was found ( fig. 1 ) .
We also divided the families in 2 groups according to the evaluation of FTD in the index patient's parents; a higher occurrence of depression was expected in the families where a parent had FTD. However, when comparing the familial scores of depression in the 2 groups, there was no difference ( fig. 2 ) .
Finally, when individuals with and without FTD were compared with regard to occurrence of earlier depression, no difference was found ( table 4 ) .
Hence, in this study it was not possible to support the hypothesis of a common aetiological factor in FTD and depression. Instead, our findings indicate separate aetiologies. This is supported by the differences in the clinical picture in FTD and depression. The median age at onset of FTD is in the late 50s, although cases with onset in the early 20s have been reported. The first onset of depression may occur in childhood or throughout life, though most cases have their debut before the age of 50 years. There are also differences in FTD and depression with regard to symptoms and course. The psychiatric symptoms of FTD are evasive, without further development into sustained depressive disorder. Furthermore, patients with FTD have severer cognitive deficits in special domains compared with cases with depression [31] [32] [33] . The course of FTD is always progressive, while depression either remits or takes a chronic course [25, [34] [35] [36] [37] [38] [39] .
An important limitation of the family history method is the underestimation of true cases [40] .
In the present study, a genealogy expert from official registers, securing that all relatives were found, had identified the relatives. The interviews were conducted by specialists in geriatric psychiatry according to the instructions of FH-RDC. Informants, already well acquainted with the patient and the staff, were asked for predetermined specific criteria of broadly defined diagnoses for each relative. Relatives rated as probable were included among positive cases in order to avoid underestimation of cases, although there is a subsequent risk of having false-positive cases. The diagnostic accuracy would increase by increasing the number of informants. In the present study, 2 or more informants per family were used in about 20% of all families. The accuracy was increased by adding information from other sources, such as medical records, autopsy reports, and death certificates. Thus, 88 of 100 cases diagnosed with FTD had been clinically investigated in an extensive way according to the medical records. The diagnosis was confirmed neuropathologically in 44 cases.
In 15 of the 61 cases with depression, information was obtained from the psychiatric records at the time of treatment for depression. For another 9 persons, information about depression was derived from the index patients' medical records, and in additional 4 cases there was information about the treatment of depression in the family history interview, but the medical record could not be found.
It is known that the diagnostic accuracy is increased when the informant is interviewed at the same time as the relative is treated for the diagnosis in question [40] . This was far from possible in the present study. Another contributing factor to an underestimation of cases is the frequent lack of contact between informants and index patients' relatives throughout life. Furthermore, information about illness in relatives could have been lost because of impaired recall.
The incidence of depression in the first-degree relatives of FTD patients was surely under-estimated due to the 10 relatives that were excluded because of the lack of information regarding the onset age of depression. Contrary to what is often seen in the general population, male and female relatives of FTD patients had similar rates of depression. Light or moderate episodes of depression, more commonly found in women ( fig. 1 ) [41] , could easily have been missed.
There was no aggregation of depression, neither in the family group with parental FTD ( fig. 2 ) nor in the group of individuals with FTD ( table 4 ) .
We have considered the possibility of unknowns being more prevalent in these groups.
The proportions of unknowns in the family group with parental FTD and in the family group without FTD were similar, nor was there any difference regarding the proportions of unknowns in the group of individuals with FTD compared to the group without FTD. This indicates that the family group with parental FTD and the group of individuals with FTD were no less scrutinized with regard to depression than the comparison groups without FTD.
In the present study, the size of the non-participating families was generally smaller than that of the participating families. One obvious explanation to this is that families of a smaller size have fewer potential informants. However, a smaller size of family may also indicate illness. Due to the lack of specific information regarding diagnostic evaluation of FTD and depression, it is not possible to say how inclusion of these families would have influenced the result.
Conclusions
The theory of an aetiological association between depression and FTD was analysed in several ways, but could not be supported. However, because of limitations to the family history method and limited knowledge about the dropouts, the hypothesis cannot be totally ruled out.
